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Experiment overview :

¢ Location: FNAL, MINOS underground (330 ft) cavern

¢ Structure: segmented scintillator with electromagnetic and hadronic
calorimetry regions as well as nuclear targets

¢ Goals: to measure the cross-sections of neutrino interactions with
high precision; to examine the nuclear medium effects in
neutrino-induced interactions




Physics goals

4 Precision cross-section measurements for various neutrino
interaction channels (quasi-elastic, resonant and coherent
pion production, DIS)

¢ Study of nuclear effects in neutrino interaction (final states
multiplicities, hadronic energy as a function of A)

¢ Precision measurement of strange-particle production channels
(g? dependence, resonant structure, polarization states)
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¢ Combination of fully-active fine-grained detector
and calorimeter

¢ 120 modules in total (appr. 30K readout channels)r
¢ Each module has inner and outer part

¢ 3 types of inner region:

« Tracker module (2 scint. Planes + lead collar) X&' ns7 L Lo A
« ECAL module (2 scint. Planes + 2 lead planes) ‘-é f; T -
« HCAL module (1 scint. plane + steel plane) ‘ L 2R

(T |||!HIHUI'HH [ |||| |||||||| '
¢ Nuclear targets inside (C, Fe, Pb, HZO) and ‘ i I ‘
in front (‘He) of the detector g i I T &

3 ® | i £ -

¢ Veto wall to filter out the incoming particles |1 . | E 1 Ik
from upstream interactions ‘J?
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Nuclear targets ,
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¢ C, Fe, Pb incorporated into the body of the detector
with scintillator modules in between the targets

¢ “He cryogenic target in front of the detector
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Simulation overview

¢ Event generation - GENIE (takes numi flux files as input) . e

¢ Detector response - Geant4

Geant 4

¢ Electronics simulation:

e OpticalModel (energy-to-light, attenuation, light-to-pe pulse)
* PmtModel (pe pulse amplification, optical cross-talk)
e FebModel (TRIP chips, discriminators, ADCs)
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Kinematics: 2.8 GeV Anti-Neutrino, Q? of 0.1GeV?
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Current status — QE studies

¢ Anti-neutrino QE studies

¢ Partial-built detector geometry (60% of the full detector)
¢ 4E19 POT for data and 10E19 POT for MC

¢ Fiducial mass - 2.86 tons of plastic scintillator

¢ Event selection:

e vertex in tracker region
e MINOS-matched track

e muon charge is positive
e recoil energy cuts

¢ 5388 events after the cuts
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Events / 200 MeV
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Current status — nuclear targets

Selection of events:

¢ Require that the muon is reconstructed in MINOS

¢ Require that the muon vertex is in the target or in the first module
downstream of the target

¢ Require that the muon vertex is inside the 85cm fiducial radius
¢ Require that there is no muon-like activity upstream of the target
¢ The most downstream target only (Fe/Pb)

¢ This target is compared to “plastic reference target” (group of four
active scintillator modules with the same divide as the real target)
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Future plans

¢ Data acquisition is underway

¢ Studies are undergoing on improving simulation and
reconstruction routines

¢ Proposal to replace helium with hydrogen/deuterium target
for ME running:

e will contribute to understanding proton structure

e no neutrino experiments with H2/D2 target
since a long time ago

e very high luminosity with NuMI beam

e precise measurements on free protons

e large part of hardware is ready
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18x10%° POT v and V beam on deuterium
- MRST CSV with k=-0.8
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¢ Scintillation light is collected with WLS fiber
inside a strip (inner part) or bar (outer part)

¢ M-64 multi-anode PMTs

¢ Front end board for signal amplification
and digitization

¢ CROC/VME readout cards

¢+ DAQ machine and storage

4 Light-injection box for PMT
gain measurements



Calibration overview (l)

¢ At the end of the readout chain, we have the digits with ADC counts.
Need an energy deposited in a given channel (strip or bar)

¢ First of all, plex model is used to find the correspondence between
the channel (electronics space) and the strip/bar (detector space)

¢ ADC counts to charge (uses database with FEB constants)

¢ From charge to raw photoelectrons (uses PMT gain tables)

¢ From raw pe to calibrated pe (uses attenuation data for clear and
WLS fiber). Calibrates to the center of the strip

¢ After the reconstruction is done, the hit is further corrected for attenuation
to the actual position in the strip
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Calibration overview (ll)

¢ Long muon tracks are used for alignment of the detector
(“where we think the detector is” vs. “where the detector actually is”)

¢ Muon tracks are used to strip-to-strip calibration to make the response
uniform throughout the detector (light losses due to broken fibers,
connector problems, etc.)

¢ pe-to energy conversion: using muons that propagate into MINOS,
the conversion factor is derived to turn photoelectrons into energy
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